Abstract: Primers based on the cDNA sequence of the goose growth hormone (GH) gene in GenBank were designed to amplify exon 2 of the GH gene in Huoyan goose. A total of 552 individuals were brooded in one batch and raised in Liaoning and Jiangsu Provinces, China. Single nucleotide polymorphisms (SNPs) of exon 2 in the GH gene were detected by the polymerase chain reaction (single strand conformation polymorphism method). Homozygotes were subsequently cloned, sequenced and analyzed. Two SNP mutations were detected, and 10 genotypes (referred to as AA, BB, CC, DD, AB, AC, AD, BC, BD and CD) were obtained. Allele D was predominant, and the frequencies of the 10 genotypes fit the Hardy-Weinberg equilibrium in the male, female and whole populations according to the chi-square test. Based on SNP types, the 10 genotypes were combined into three main genotypes. Multiple comparisons were carried out between different genotypes and production traits when the geese were 10 weeks old. Some indices of production performance were significantly (p < 0.05) associated with the genotype. Particularly, geese with genotype AB or BB were highly productive. Thus, these genotypes may serve as selection markers for production traits in Huoyan geese.
Introduction
Huoyan goose (Anser cygnoides) is a native breed that tolerates coarse feed and cold temperatures, is extremely adaptable, has high egg-laying rates and is weakly broody [1] . It is considered a national treasure by the Chinese goose industry. The egg-laying and reproductive performance of Huoyan geese are outstanding even when considered on a global scale [2] . The inter-population nucleotide divergence of Huoyan goose ranges from 0.211% to 0.272%, notably higher than in other breeds [3] . Thus, studying the genetic characteristics and production performance of Huoyan geese may provide important information for the conservation and utilization of local goose breeds in China.
Growth hormone (GH) is a single polypeptide secreted by eosinophilic granulocytes of the anterior pituitary [4] . It has many physiological functions in animals [5] , such as promoting muscle growth [6] , bone formation [7] and regulating fat content, all of which are related to and affect the growth and development of animals [8] . In mammals, the GH gene contains five or six exons and four or five introns [9] . The cDNA is typically from 800 to 1200 bp. The length of the signal protein is from 16 amino acid (aa) residues to 27 aa residues, and the length of the mature protein is from 186 aa residues to 191 aa residues [10] . Similarly, the GH gene in poultry also contains five exons and four introns. It is highly polymorphic in a variety of livestock [11] [12] [13] and poultry [14, 15] . However, much less is known about the polymorphisms in the goose GH gene than in chicken and duck [16] [17] [18] . In particular, there has been no systematic study on the relationship between polymorphisms of the GH gene and production performance in Huoyan geese to date. Evidence with several white goose breeds suggests that exon 2 of the GH gene is long, while the other four exons are short, and that all single-nucleotide polymorphisms (SNPs) are in exon 2 [19] , making exon 2 the logical target for genetic studies.
In this study, we analyzed polymorphisms in the GH gene of Huoyan geese using the polymerase chain reaction-single strand conformation polymorphism (PCR-SSCP) and established associations between genotypes of exon 2 and some variables of production performance. Some indices of production performance were significantly (p < 0.05) associated with the genotype of exon 2. Therefore, polymorphisms in the gene may serve as selection markers for the production performance of Huoyan geese.
Results and Discussion

Results of Genomic DNA Extraction
The absorption light curve and concentration of the genomic DNA extracted from blood of 10-week-old geese were measured by a NanoDrop ND-1000 concentration analyzer after overnight dissolution in EDTA solution. The curve obtained was smooth, and the optical density (OD260/280) was between 1.8 and 2.0. Thus, the quality of the extracted DNA samples completely satisfies the amplification requirements for PCR-SSCP analysis.
Results of PCR-SSCP Detection
The amplification product was detected by 1% agarose gel electrophoresis, and the length of the fragment coincided exactly with the target fragment. In addition, no nonspecific banding was amplified. These results indicate that the product can be used directly for PCR-SSCP analysis. Amplification products of exon 2 of the GH gene revealed numerous polymorphisms. There were four homozygous and six heterozygous genotypes, referred to as AA, BB, CC, DD, AB, AC, AD, BC, BD and CD. These results are shown in Figure 1 . 
Sequencing of Homozygous Genotypes
Four genotypes (AA, BB, CC and DD) were cloned and sequenced by Shanghai Sheng Gong Biological Engineering Technology Service Co., Ltd (Shanghai, China). The sequence alignments produced by the MegAlign program in DNAStar confirmed the findings by Duan [20] . Two single-base mutations were found at the 39th and 74th bp, and the mutations were both T→C transitions. The 39th bp T→C substitution was a silent mutation (the aa sequence was not changed), but the 74th bp mutation resulted in a change in aa 25 from valine→alanine. The sequencing results and aa change are shown in Figures 2 and 3. 
Genotypes and Variations in the Allelic Frequencies of Exon 2 of the GH Gene
The genotypes and variations in allelic frequencies determined using the chi-square test are shown in Table 1 . Allele D predominated in the male, female and whole populations, with frequencies of 0.3400, 0.3321 and 0.3361, respectively. Both SNP loci conformed to the Hardy-Weinberg equilibrium (male χ 
Body Weight and Body Traits of Geese with Different Genotypes
Body weights and body traits of 10-week-old geese were assessed. Only relationships among genotypes with mutations at the 74th single base and body traits were analyzed, because silent mutations do not result in changes in the structure of proteins. The 10 genotypes were combined into three main types: the AA, AC and CC genotypes were merged into the AA genotype; the BB, DD and BD genotypes were merged into the BB genotype; and the AB, CD, AD and BC genotypes were merged into the AB genotype. Table 2 shows a comparison of body weight and measurements of body traits for geese with polymorphisms of exon 2 of the GH gene.
Within the male population, there were significant effects of genotype on several body traits, notably on body weight, dive length and sternum length. Geese with genotype AB were heavier than geese with either genotype AA (p < 0.01) or BB (p < 0.05), and geese of genotype BB were heavier than those with genotype AA (p < 0.05). Geese with genotype AB also had longer dive lengths than those with genotypes BB (p < 0.01) or AA (p < 0.05), but the difference between these two latter populations was not significant. The chest width, chest depth and shank length were also affected significantly by genotypes (p < 0.05). Geese with genotype AB had significantly wider chests than those with genotypes AA and BB, but there was no significant difference between the two homozygous genotypes (p > 0.05). Birds with genotype AB had longer shanks than those with genotype AA (p < 0.05). No differences were observed between birds with genotype BB and those with genotypes AB or AA (p > 0.05). Genotype also had no significant effect on inclined body length and shank circumference (p > 0.05).
In the female population, genotypes significantly influenced body weight, inclined body length, dive length, chest depth, sternum length (p < 0.01) and shank circumference (p < 0.05). Birds with genotype BB were significantly heavier (p < 0.01) than birds with either genotype AA or AB. Birds with genotype BB had significantly longer sternums (p < 0.01) than birds with genotype AA or genotype AB (p < 0.05). Birds with genotype AB also had notably longer sternums than those with genotype AA (p < 0.05). The shank circumference was also affected significantly by the genotype (p < 0.05). Birds with genotype BB had greater shank circumferences than birds with genotype AA (p < 0.05). No differences were observed between birds with these two genotypes and genotype AB (p > 0.05). Variations among birds of different genotypes in shank length and chest width were not significant (p > 0.05).
Carcass Traits of Genotypes
The carcass traits of different genotypes are shown in Table 3 . In the male population, geese of genotype AB had significantly heavier glandular and muscular stomachs than those with genotypes AA or BB (p < 0.01). No difference was observed between birds with genotypes AA and BB (p > 0.05). The carcass weight, semi-eviscerated weight, eviscerated weight and heart weight were significantly affected (p < 0.05) by genotype. Carcasses of birds with genotype AB were notably heavier than those of birds with homozygous genotypes (p < 0.05), while no difference in carcass weight was observed between birds with the homozygous genotypes (p > 0.05). Birds with genotype AB had significantly heavier semi-eviscerated carcasses, eviscerated carcasses and hearts than those with genotype AA (p < 0.05). No significant differences in these carcass traits were observed between birds with genotype BB and those with genotypes AA or AB (p > 0.05). Breast and leg muscle weights, live weight and abdominal fat weight were not affected by genotypes (p > 0.05).
In the female population, the carcass weight and live weight were affected significantly by genotypes. Individuals with genotypes AB and BB had significantly heavier carcasses (p < 0.01) than those with genotype AA. Other carcass traits were not significantly affected by genotypes (p > 0.05), but with respect to several traits, geese of genotype AB were different from geese with genotypes AB and BB, but the effects were not the same between the sexes (for example, refer to GSW (gland muscular stomach weight) in Table 3 ). This difference may due to the dominance effect of this locus, and the effect was different in the male and female populations.
Meat Quality of Genotypes
Meat quality of the three genotypes (sexually mixed) is shown in Table 4 . The water-holding capacity of the breast and leg muscle were affected significantly by genotype (p < 0.05), and the trends were consistent in these two types of muscle. No differences were observed among the three genotypes in terms of pH and tenderness of the muscle. In addition, the water-holding capacity of birds with genotype BB was notably higher than that of birds with genotype AB (p < 0.05). No difference between birds with genotype AA and birds of the two other genotypes in terms of water-holding capacity was observed (p > 0.05). 
Muscle Fiber Traits in Different Genotypes
The muscles were composed primarily of voluntary muscle fibers that could affect taste. The diameter of muscle fibers, an important variable of meat quality, was determined. Hematoxylin and eosin (HE)-stained sections and measurements of breast and leg muscle fibers are shown in Figures 4 and 5 and Table 5 . All of the muscle fiber diameters of the male birds were larger than those of the female birds, but no differences were observed among the three genotypes (p > 0.05). Mutations of exon 2 of the GH in Huoyan goose affects the diameter of muscle fibers; the effects are limited. Thus, it seems that mutations of exon 2 of the GH gene cannot serve as reliable molecular markers for screening the muscle fiber traits of Huoyan geese. Other researchers have observed genotypic effects on production traits [21] [22] [23] [24] . In our study, two SNP mutations were detected in exon 2 of the GH gene and 10 genotypes were obtained, consistent with previous studies [20] . In all populations, allele D was the predominant allele. Chi-square tests showed that the frequencies of these genotypes fit the Hardy-Weinberg equilibrium, which suggests that Huoyan goose populations are little affected by artificial selection.
There are some possible sources of variation in our experiments. The two Huoyan populations were raised on separate farms, with different climates and latitudes, but they were raised in a similar manner, with identical nutrition, feeding manner and other husbandry management practices. Nonetheless, the differences that existed may have affected the growth and development of the two populations. Body measurements were carried out by dividing the researchers into groups of three, but measurement sites on the animals could not be observed directly, because of the feathers. In addition, the fixation methods used may have introduced errors to the body measurement data. Finally, in addition to the GH gene, the growth of geese is also affected by other sex hormone genes; this may explain the difference between the sexes.
The primary structure of the growth hormone should not be affected by the 39th bp mutation, because of its position in the codon. Thus, only the production traits of three genotypes were analyzed, which improved the test accuracy, precision and reliability and increased the sample size for each genotype. The results of measurement data show that exon 2 of the GH gene may be either the key nucleotide sequence or chained together with other major genes that control or affect some production traits. Genotype AB in the male population and genotype BB in the female population had the most favorable production traits. These molecular markers may serve as candidates for early selection in Huoyan geese.
Materials and Methods
Experimental Animals and Blood Collection
Blood samples were randomly collected from 616 Huoyan geese from the National Gene Bank of Waterfowl Resources (Taizhou, China) and the Huoyan goose field of Liaoning Academy of Agricultural Sciences (a total of 552 samples were used: 275 from males, 277 from females; 64 deteriorated during transport or due to other factors). Gaggles were raised under normal conditions, and blood was taken from the wing vein on the 10th week. EDTA (4%) was added to the blood to prevent clotting, and samples were stored at −20 °C until use.
Genomic DNA Extraction and Isolation
A hydroxybenzene-chloroform method was used to extract goose genomic DNA, as described in the Molecular Cloning-A Laboratory Manual (2nd edition) [25] . The concentration of each DNA sample was diluted to 100 ng/μL and preserved at 4 °C after detection using a NanoDrop ND-1000 concentration analyzer (Thermo Fisher Scientific Inc., Waltham, MA, USA).
PCR Primer Design and Reagents
A primer pair was designed according to the genomic sequence of the duck GH gene (GenBank Accession No. AB158760), cDNA sequence of the goose GH gene (GenBank Accession No. AY149895) and Duan's [20] research to amplify the sequence of exon 2. These primer sequences are as follows:
The 10× buffer, dNTPs, Mg 
PCR-SSCP Analysis
The PCR products were resolved by SSCP analysis. Many factors affect PCR amplification results; so, in this study, gradients, including the template DNA, Mg 2+ concentration, TaqE dosage and annealing temperature, were all set to obtain the optimum reaction conditions. Each PCR amplification was carried out in a 20 μL mixture containing 2 μL of 10× buffer, 2.5 μL of 25 mmol/L MgCl 2 , 1.0 μL of 10 mmol/L dNTPs, 1 μL of 10 pmol/μL primer, 0.2 μL of 5 U/μL Taq DNA polymerase and 1.0 μL of 100 ng DNA template. Double-distilled water was added to a final volume of 20 μL. PCR was performed using the following program: 95 °C for 5 min, 35 cycles at 94 °C for 30 s, annealing at 52 °C for 30 s and at 72 °C for 30 s and a final extension at 72 °C for 10 min. PCR products were subjected to electrophoresis on 1% agarose gels using 1× TBE buffer (89 mM Tris, 89 mM boric acid, 2 mM Na 2 EDTA) containing 200 ng/mL ethidium bromide. The amplification results were tested using a Gene Genius Glue imaging system (Synoptics Co., Ltd., Cambridge, UK).
Aliquots of the PCR products (6-8 μL) were mixed with 3-4 μL of the denaturing solution (95% formamide, 25 mM EDTA, 0.025% xylene-cyanole and 0.025% bromophenol blue), denatured at 98 °C for 15 min and then quickly chilled on ice for 5-10 min to obtain single-stranded DNA. Approximately 6-10 μL of this mixture was resolved on 12% polyacrylamide gel (polyacrylamide:bisacrylamide = 49:1) using 1× TBE buffer and run for 12-14 h at 120-150 V. The gel was washed in 10% ethanol for 10 min and then in deionized water for 1 min, followed by incubation for 10 min in 0.1% silver nitrate. Finally, incubation in 1.5% sodium hydroxide, 0.01% sodium borohydride and 0.4% (v/v) formaldehyde was performed for 6-10 min. The bands on the gel were visualized using a gel imaging system.
Sequencing of Homozygous Genotypes
Samples of four homozygous genotypes showing different bands in the gel were further amplified, examined and purified by 1% agarose gel electrophoresis based on the PCR-SSCP analysis results. The products were then sequenced by Shanghai Sheng Gong Biological Engineering Technology Service Co., Ltd. (Shanghai, China).
Statistical Analyses of Production Performance Measurements
Production performance was calculated by analyzing the variance of body weight, seven body measurement indices (inclined body length, dive length, chest width, chest depth, sternum length, shank length and shank circumference; in centimeters), eight carcass traits (slaughter weight, semi-eviscerated weight, eviscerated weight, leg muscle weight, breast muscle weight, heart weight, liver weight and abdominal fat weight; in grams) [26] , as well as three meat quality traits (pH, tenderness and water-holding capacity). The pH was measured by a pH meter (Mettler-Toledo FE2; Mettler-Toledo Inc., Shanghai, China). Tenderness was measured by a tenderness meter (CL-ML3; Tianxing Co., Ltd., Beijing, China), and water-holding capacity was measured by a dilatometer (Nanjing Agricultural University, Nanjing, China) on the 10th week. Measurements were carried out according to specific methods detailed in GB Standards (NY/T 823-2004) [27] .
Paraffin sections of fresh breast and leg muscles were prepared and dyed with hematoxylin-eosin (HE). A microscopic imaging system (IX71; Olympus (China) Co., LTD, Shanghai, China) was used to capture typical images. The muscle fiber length to long diameter (L) and short diameter (D) were acquired after 100 measurements using Image Pro-Plus 6.0 microscopic image analysis software (Olympus (China) co., LTD, Shanghai, China). Diameter and cross-sectional areas were computed according to the following formulas. 0.7 3.14 
Genotypic and allelic frequencies were statistically analyzed using Microsoft Excel (Microsoft Inc., Redmond, WA, USA) according to the published methods [28, 29] . Following the formula below, the Hardy-Weinberg equilibrium of the mutations was analyzed by the chi-square test [30] .
( )
In Formula 3, O represents the observation number of each genotype and E represents the expected number of each genotype, if it is assumed that the genotypic distribution conforms to the Hardy-Weinberg equilibrium.
The relationship between the genotypes of exon 2 of the GH gene and 19 traits relating to production performance were analyzed using ANOVA with a range test in SPSS software (version 13.0; International Business Machines Inc., Chicago, IL, USA). The effect of sex was not considered in the analytic process, because production performance was separately analyzed by sex.
Conclusions
In our study, two SNP mutations were detected, and 10 genotypes (AA, BB, CC, DD, AB, AC, AD, BC, BD and CD) were obtained from 552 Huoyan geese. Allele D was predominant, and the frequencies of the 10 genotypes fit the Hardy-Weinberg equilibrium in the male, female and whole populations, according to the chi-square test. Some indices of production performance were either extremely significantly affected (p < 0.01) or significantly affected (p < 0.05) by the exon 2 genotype. Genotypes AB and BB were highly productive and may thus serve as molecular markers for the breeding and selection of Huoyan geese with high production performance.
